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Why Cadmium?
Widespread contaminant
 Harmful effects on plants
 Diseases in humans
 Superfund sites
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Cd effects on Plants
 Protein structure
 Lipid composition
 Nutrient uptake and 
interference
 Photosynthesis 
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 Cd uptake via micronutrient transporters
 Synthesis of phytochelations (γ -Glu-Cys)n-
Gly)
 Vacuolar sequestration
 Oxidative stress tolerance mechanisms
Cadmium tolerance in plants
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Sequestration
Microbial Activity
Phytoremediation Mechanisms
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Populus as a Model for Phytoremediation
 Fastest-growing 
deciduous tree in U.S.
 Broad geographic range
 Perennial and clonal
 Large rooting volume and 
high transpiration rates
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Populus Genetic Assets
 Small Genome (485 Mb)
 ‘Short’ juvenile period: 4 
yrs
 Available Genetic 
Resources
 Pedigrees
 Genetic maps
 BAC libraries
 Routine Transformation 
 Genome Sequence!
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Project Objectives
1. Identify Populus genotypes that are 
tolerant and susceptible to cadmium
2. Map QTL for Cd tolerance and 
accumulation in Populus 
3. Perform whole-genome microarray 
analyses for resistant and 
susceptible genotypes of Populus
4. Functionally characterize candidate 
genes identified in QTL intervalsNatu
re
 P
re
ce
di
ng
s 
: d
oi
:1
0.
10
38
/n
pr
e.
20
10
.5
41
0.
1 
: P
os
te
d 
17
 D
ec
 2
01
0
N
at
ur
e 
Pr
ec
ed
in
gs
 : 
do
i:1
0.
10
38
/n
pr
e.
20
10
.5
41
0.
1 
: P
os
te
d 
17
 D
ec
 2
01
0
Hydro po nic  Exp e rim e nta l S ys te m
 Interspecific 
backcross family: 
P. trichocarpa x P. 
deltoides
 252 genotypes 
replicated twice per 
treatment
 Control and 25 µM 
Cd treatmentNa
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30 cm
30
 c
m
Control roots Treated roots
Cd vs Control Variation in Cd Effects
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ANOVA of Dry Weights
SOURCE      DF    S.SQUARES  F­RATIO    PROB>F
Genotype    239      2410.1632      1.9597     <0.0001
Treatment      1      3035.6440   589.9159   <0.0001
PAR                1          32.2535      6.2678     0.0126
Cutting           1        719.6326   139.8460    <0.0001
Geno*Trt.   239       1853.3381      1.5069     0.0001
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Distribution of Cadmium Effects 
Among Genotypes
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QTL for Cd Tolerance
• Two QTL mapped for 
difference in dry 
weight between Cd 
and Control 
treatments
• 9 to 11% of variation 
explained per QTL
• Currently examining 
candidate genes in 
the QTL intervals
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Whole-genome microarray analyses for 
resistant and susceptible genotypes of 
Populus
• Hydroponics experiment 25uM Cd
• 4 genotypes, 2-susceptible, 2-
resistant
• 3 plants/collection, 2 tissues/plant 
(root & leaves)
• 2 time points (24hrs, 72 hrs)Na
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Genes Overexpressed in Array Experiment That CoOccur in QTL 
Intervals
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Iron/micronutrient genes up­regulated in susceptible genotype
Putative Function (Arabidopsis)
NRAMP3 Fe export out of vacuole
YSL5 Fe-Nicotianamine  Phloem transport
YSL8 Fe-Nicotianamine  Phloem transport
HMA6/PAA1 Chloroplast Fe import
FRD3 Xylem citrate transporter/ transport of 
Fe from root to shoot
YSL8 Fe-Nicotianamine  Phloem transport
YSL7 Fe-Nicotianamine  Phloem transport
VIT1  Vacuolar Fe sequestration
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Iron and Cd Contents are Significantly Different Between Susceptible 
and Resistant Genotypes
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Hypothesis
The susceptible genotype has higher basal Fe 
uptake resulting in increased Cd uptake.
The resistant genotype has a higher “set point” for iron 
deficiency response induction.
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Model for Interaction of Cd and Fe
Note: Susceptible and tolerant are flipped in the top graph
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Conclusions
• Substantial variation exists for Cd 
tolerance in Populus, even within an 
interspecific full-sib pedigree
• Two major QTLs identified for Cd effects 
in Populus
• One mechanism for differential 
susceptiblitiy may be due to differrences 
in Fe metabolism
• Future research will focus on functional 
assessment of candidate genes that are 
differentially expressed and occur in QTL 
intervals
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